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1 Introduction
In TSG-RAN#80 plenary meeting [1], the scope of the new SID on physical layer enhancements for NR URLLC was defined for Release 16 (R16). In addition to AR/VR which is already enabled by release 15 (R15) URLLC, three different use cases were identified for performance evaluation, including transport industry, power distribution and factory automation. The detailed requirements for these use cases as well as the simulation assumptions have been hotly discussed from RAN1 #94 meeting onwards, and have almost been accomplished in the last two meetings [2],[3]. 
This contribution mainly provides system level simulation results for the use case of Power Distribution. The results are based on R15 URLLC technologies and hence would serve as a baseline performance evaluation achieved with R15 URLLC for power distribution.
2 Simulation Results
Within the scope of power distribution, Differential Protection (DP) is selected for performance evaluation. This is because the packet arrival rate for DP is much higher than the rate for Power Distribution Grid Fault and Outage Management, resulting in a much shorter simulation time. In the application of DP, several adjacent distribution terminating units (DTUs) compose the protection zone of DP. These DTUs exchange their current values with their neighbors in a strict cyclic pattern for fault identification. If fault occurs outside of the protection zone, the differential current among all DTUs is almost zero. If a fault is inside, then the differential current will exceed a threshold. Assuming that DTUs will exchange their information through cellular networks, as shown in Figure 1, then the communication links would be split into three hops. DTU 1 first transmits its current value in UL to the gNB, then gNB exchanges information with the gateway, and finally the gNB transmits the current value to DTU 2. Note that this is only a one-way information transfer from one node, i.e., DTU 1, but in practice, DTU 2 will simultaneous transmit its current value to DTU 1 through the gNB.
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Figure 1 Illustration of communication link in differential protection
According to the agreements in the last meeting, the one-way air interface latency is about 6~7 ms, and the reliability requirement is 99.999%. In the simulations, the air interface latency is set as 6 ms to achieve a lower bound of the baseline performance. Other parameters are defined in the Appendix, fully following the simulation assumptions agreed in the last two meetings. 
The performance for the 4 GHz TDD system and 700 MHz FDD system are evaluated. The geometry distribution and coupling loss distribution are given in Appendix B for calibration purpose. Meanwhile, the simulation time is set as 1000 seconds, and hence about 1.2 millions of packets are generated and transmitted during the simulation to guarantee the convergence of BLER. Besides, both the processing times at the gNB and the UE as well as the alignment time are considered to model the timeline for downlink and uplink data transmission. The details could found in Section 2 in our companion paper [4].

2.1 Performance Evaluation in 4 GHz TDD system

The simulation bandwidth is 40 MHz, and two selected DL-UL configurations are selected for simulation as shown in Fig. 2. The first configuration is ‘SUDSU’, and we select this DL-UL configuration for two purposes: 1) balance the DL resource and UL resource, and 2) reduce the switching delay. The second configuration is ‘DDDSU’, and is commonly used in evaluations. 
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(a) DL-UL configuration #1
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(b) DL-UL configuration #2
Figure 2 DL-UL configuration for simulation
The average number of UEs per cell is reduced to 5, and capability #2 is simulated. Moreover, the scheduling unit is 7OS TTI, and the total overhead is set as 21.4% for both DL and UL. The results are shown in Table 1 below. For configuration #1, compared to settings in 4 GHz assuming FDD system in our previous paper [5], the number of UEs and the amount of resource in DL/UL are also reduced nearly by a half. Hence, the final resource utilization is similar to the RU in FDD system. However, due to the TDD structure, the transmission latency would be increased. 96.2% and 38.9% UEs could satisfy the 6 ms latency and 99.999% reliability requirement in DL and UL respectively. For the downlink, the small outage ratio is caused by occasional congestion and decoding errors.
For configuration #2, only one switching point is available within one periodicity and hence the switching delay is large. Consequently, the performance degrades accordingly, and only 42.9% UEs could satisfy the 6 ms latency and 99.999% reliability requirements. Moreover, the resource allocation is imbalance, with the uplink resource much smaller than the downlink resource. In a consequence, the uplink performance becomes much worse, and no UEs can meet the target latency and reliability requirements. From the output logs, it found that a huge amount of packets are blocked and delayed beyond the latency budget, making the reliability even smaller than 0.1%.
Observation 1: For differential protection in 4 GHz TDD system with 40 MHz bandwidth and 5 UEs per cell, 

· About 96% and 39% UEs could achieve 6 ms latency and 99.999% reliability for the downlink and uplink transmission respectively when DL-UL configuration #1 is used;
· About 43% and 0% UEs could achieve 6 ms latency and 99.999% reliability for the downlink and uplink transmission respectively when DL-UL configuration #2 is used.

Proposal 1: For differential protection in 4 GHz TDD system with 40 MHz bandwidth and 5 UEs per cell, enhanced technologies should be studied to improve the uplink transmission performance to achieve the latency/reliability requirements and almost 100% UE coverage.
Table 1 The ratio of UEs satisfying 6 ms latency and 99.999% reliability and the resource utilization (denoted by the blue value in brackets) in 4 GHz TDD system with Antenna Config#1
	
	DL-UL Config. #1
	DL-UL Config. #2

	DL
	96.2% (24.8%)
	42.9% (17.9%)

	GB UL
	38.9% (67.9%)
	0% (40.6%)


2.3 Performance Evaluation in 700 MHz FDD system

The bandwidth is 20 MHz for both DL and UL in the 700 MHz FDD system, and only the results for Antenna Configuration #2 is evaluated. Table 2 shows the simulation results, in which Capability#2 is simulated. 
Antenna configuration #2 requires 8 dual-polarized antenna elements virtualized as 2 ports at gNB and is commonly used for 700 MHz carrier. For Antenna Configuration #2, the performance is very poor when the average number of UEs per cell is set as 10, and only 8.4% and 6.2% UEs could satisfy the target latency and reliability requirements in DL and UL respectively. The transmit/receive capability is reduced due to smaller antennas, and hence the resource utilization increases greatly, e.g. more than 90%, leading to severe congestion and apparent performance degradation. 
When the average number of UEs per cell is reduced to 5, the performance is greatly improved, and about 71.6% and 56.3% UEs could satisfy the target latency and reliability requirements in DL and UL respectively.
Observation 2: For differential protection in 700 MHz FDD system with 20 MHz bandwidth and Antenna Configuration #2, 

· About 8% and 6% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink respectively in case of 10 UEs per cell;
· About 72% and 56% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink respectively in case of 5 UEs per cell.
Table 3 The ratio of UEs satisfying 6 ms latency and 99.999% reliability for downlink transmission and the resource utilization (denoted by the blue value in brackets) in 700 MHz FDD system
	
	DL
	GB UL

	10 UEs per cell
	8.4% (92.5%)
	6.2% (94.6%)

	5 UEs per cell
	71.6% (49.6%)
	56.3% (60.9%)


3 Conclusions 
In this contribution, simulation results for differential protection in power distribution are presented to establish a baseline performance. Observations and proposals are given as follows.
Observation 1: For differential protection in 4 GHz TDD system with 40 MHz bandwidth and 5 UEs per cell, 

· About 94% and 43% UEs could achieve 6 ms latency and 99.999% reliability for the downlink and uplink transmission respectively when DL-UL configuration #1 is used;
· About 43% and 0% UEs could achieve 6 ms latency and 99.999% reliability for the downlink and uplink transmission respectively when DL-UL configuration #2 is used.

Observation 3: For differential protection in 700 MHz FDD system with 20 MHz bandwidth and Antenna Configuration #2, 

· About 8% and 6% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink respectively in case of 10 UEs per cell;

· About 72% and 56% UEs could achieve 6 ms latency and 99.999% reliability for downlink and uplink respectively in case of 5 UEs per cell.
Proposal 1: For differential protection in 4 GHz TDD system with 40 MHz bandwidth and 5 UEs per cell, enhanced technologies should be studied to improve the uplink transmission performance to achieve the latency/reliability requirements and almost 100% UE coverage.
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Appendix A
Table A Simulation assumptions for Power Distribution
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz or 700 MHz

	Duplex Model / Simulation bandwidth
	For 4 GHz, TDD with 40 MHz BW

For 700 MHz, FDD with 20 MHz BW for both DL and UL

	SCS / Cyclic Prefix
	30 kHz / NCP

	Channel model 
	UMa in TR 38.901

	BS antenna configuration
	Antenna Config. #1: apply to 4 GHz
· 4 Tx/4 Rx antenna ports, and (dH, dV) = (0.5λ, 0.8λ)

(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)

Antenna Config. #2: apply to 700 MHz

· 2 Tx/2 Rx antenna ports, and (dH, dV) = (N/A, 0.8λ)

(M, N, P, Mg, Ng; Mp, Np) = (8,1,2,1,1;1,1)

(+45°, -45°) polarization and 102 degrees antenna tilt

	UE antenna configuration
	Antenna Config. #1: apply to 4 GHz
· 2 Tx/4 Rx antenna ports, and Panel model 1: dH = 0.5λ

For 4 Rx, (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

For 2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

Antenna Config. #2: apply to 700 MHz

· 2 Tx/2 Rx antenna ports

(M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1;1,1)

	Transmit power
	49 dBm at BS and 23 dBm at UE

	Antenna height
	25 m at BS and 3 m at UE

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	5 dB at BS and 9 dB at UE

	UE distribution
	100% of users are outdoors 

Use 3km/h for modeling fading channel

	Number of UEs per cell
	5 / 10

	Scheduling Algorithm
	Latency-based SU-MIMO

	UE power control
	Open-loop power control with P0 = -86 dBm, alpha = 0.9

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC

	URLLC/eMBB Co-existence
	Yes

	Others
	All control channels are error-free


Appendix B
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(b) Coupling loss
Figure 1 Distribution of DL Geometry and Coupling loss for power distribution in Urban Macro
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